SIR, Although recent studies have demonstrated a clear association of Epstein-Barr virus (EBV) infection with multiple sclerosis
, there has been much debate if and where the virus acts in the pathogenic cascade of multiple sclerosis and whether the virus needs to gain entry to the central nervous system (CNS) . A recent study reported in Brain by Willis et al. (2009) showed that there is little evidence for the presence of EBV in the central nervous system of people with multiple sclerosis. These findings contrast greatly with the studies by Serafini et al. (2007) that have described abundant EBV positive cells in multiple sclerosis, and the presence of ectopic B cell follicles enriched with EBV infected cells in some patients. Willis and co-workers used a variety of validated methods to determine the presence of EBV in the CNS of patients with B cell infiltrates within the meninges and parenchyma. The paper described two crucial observations. Unlike Serafini et al. (2007) , Willis et al. did not find the presence of EBV to be a characteristic feature of multiple sclerosis (aptly the title of the paper). Second, ectopic follicles, suggested by Serafini et al. to harbour EBV infected B cells, were not observed, despite scrutiny of meningeal tissues where these follicles should have been present.
Clearly, the issue of whether EBV is indeed present in the CNS is crucial not only to determine the impact of the virus on the disease in the CNS, but also for diagnostic pathology in general. The studies reveal the vagaries of pathological detection methods for infectious agents such as EBV. Care in the practice and interpretation of such methodologies are of course key for correct diagnosis and proving pathogenic involvement and ultimately, to ensure correct treatment of patients with multiple sclerosis.
In our laboratory (VUMC), an in situ hybridization technique is widely used to detect EBV encoded RNA in various pathological specimens (Middeldorp et al., 2003) and our degree of positive samples does not differ significantly from that reported in literature. EBV encoded RNA is generally localized to the nucleus. This is the case for all EBV-associated malignancies, including Hodgkin's disease, Burkitt's lymphoma and brain lymphomas. EBV encoded RNA detected in the cytoplasm of cells in interphase, or in plasma cells or eosinophils are considered false positives, due to the application of over-sensitive methods (Gulley and Tang, 2008) .
As a consequence of the report by Serafini et al. (2007) , many laboratories have been keen to examine whether their detection methods allowed them to detect EBV in the CNS of people with multiple sclerosis. Together with many collaborators in the Netherlands and UK, we have screened 632 CNS specimens from 94 multiple sclerosis patients collected by the Netherlands Brain Bank. All samples were carefully processed with short fixation times to optimize RNA quality and subsequently subjected to EBV encoded RNA staining using an optimized EBV encoded RNA PNA-based (Dako, Denmark) protocol. In addition, 12 blocks of tissue samples from 12 patients documented in the Serafini et al. (2007) paper were obtained from the Multiple Sclerosis Society Brain Bank in London, UK, and taken from the very same tissue blocks used in that study. All the UK samples on which we performed the EBV encoded RNA technique were negative. We also performed immunohistochemistry for EBV lytic (BZLF1, BMRF1, BFRF3 and BLLF1) and latent (LMP1) proteins. One of us (J.M.M.) has produced many EBV antibodies including those used in the Serafini et al. paper, and has developed sensitive methods for EBV detection in pathological tissues. All tissue blocks available were screened for ectopic lymphoid follicles and the presence of infiltrates, B cells and plasma cells. In the majority of tissue samples, meningeal tissues were present.
Given the claim that ectopic follicles are associated with early onset multiple sclerosis and death in the secondary progressive phase (Serafini et al., 2007) , we specially studied such a group of 11 patients (76 blocks), who all died before the age of 50. Ectopic B-cell follicles, as defined by the presence of CXCL13 or podoplanin (Marsee et al., 2009) , were not observed in this cohort. Likewise, we examined 60 tissue blocks from 16 patients exhibiting prominent B cell infiltrates (Table 1) . Again, however, ectopic follicles or follicular-like structures were not observed. Two of the 50 blocks containing B cells in perivascular infiltrates show only diffuse staining for CXCL-13.
However, the absence of ectopic follicles cannot immediately be taken to signify the absence of EBV-infected B cells. To examine the issue more closely, B cell-rich areas were screened not only for EBV encoded RNA but also for viral lytic and latent proteins. As positive controls, samples of EBV-associated tumours including CNS lymphoma all revealed clear nuclear staining of EBV encoded RNA. LMP1 was positive in tumours with EBV latency-II and in oral hairy leukoplakia (Webster-Cyriaque et al., 2000) , the latter also being abundantly positive for EBV lytic gene expression. In contrast, nuclear EBV encoded RNA was found in only one tissue specimen from a single multiple sclerosis patient (Fig. 1B) . All other specimens, including those examined by Serafini et al. (2007) , were negative in our study. Staining for lytic and latent antigens using a wide range of antibodies also produced only negative results, apart from a single sample that was EBV encoded RNA negative, but positive for multiple EBV lytic cycle markers (BZLF1, BMRF1, BLLF1), supporting the possibility of lytic infection in this lesion. Appropriate positive controls were all positive and brain tissues from healthy controls were all negative.
In interpreting these data, the sensitivity of the EBV encoded RNA-staining method is of crucial concern. We therefore additionally used a very sensitive real-time PCR (Stevens et al., 2005a) (Stevens et al., 2005b) to search for EBV genomes and encoded RNAs, respectively, in five tissue blocks containing B cell-rich areas from three patients. Using this method, one positive cell in 100 000 cells can be detected. None of the multiple sclerosis tissues examined revealed the presence of EBV DNA or RNA while all EBV-associated tumour samples and the EBV-positive cell line JY (1/100 000) were all positive.
Why is there such a contrast between the findings reported by Serafini et al. (2007) compared to those of Willis et al. (2009) and our data? As discussed by Willis (2009) , the age of the cohort of patients could be a confounding factor, given that follicles were suggested to be associated with more aggressive disease and early death. In our cohort, we tried to examine patients fitting these criteria, including secondary progressive, primary progressive or undefined clinical types. Yet, none of the samples from these cases revealed the presence of ectopic follicles. Of all the B cellrich cases that we found, only three patients died before the age of 50 (Table 1 ) while all of the 13 others had longstanding disease.
Another factor could be the sensitivity and specificity of the assay(s) used. In establishing a sensitive and reliable assay for the detection of EBV encoded RNA, several probes have been examined by the diagnostic department at the VUMC, Amsterdam. The use of some probes produced non-specific cytoplasmic staining of plasma cells and some B cells. Such cytoplasmic staining was also occasionally observed in B cell areas in the studies reported by Serafini et al. (2007) , while B cell-rich areas from patients with bacterial meningitis did not show such staining. The possibility remains that ultra-sensitive detection methods may reveal a form of EBV that is specific for multiple sclerosis, and that may not necessarily be present in other EBV-positive samples, such as the ones used as positive controls. Moreover, since it is currently not possible to scrutinize the entire CNS, EBV-infected B cells may have resided in discrete areas that consistently happened not to have been included in our screen, although this is highly unlikely considering the number of specimens examined. It is relevant to note a recent report showing that EBV encoded RNA bound to the cellular La protein may be released by EBV-infected cells and taken-up in the cytoplasm of bystander cells through TLR3, thus triggering inflammation (Iwakiri et al., 2009) . Indirect routes of (latent) EBV involvement in multiple sclerosis have been proposed (Lü nemann and Mü nz, 2009) and are supported by the increase of EBNA1-but not VCA-specific antibodies frequently observed in multiple sclerosis patients.
Nevertheless, our findings support those reported by Willis et al. (2009) and indicate that the detection of EBV in the brains of multiple sclerosis patients with established chronic multiple sclerosis is rare. Abundant EBV infection of the CNS is unlikely to contribute to the later stages of the pathogenesis of multiple sclerosis. Whether or not EBV acts earlier in the course of disease, perhaps as a trigger, or activating and perpetuating inflammation cannot be excluded by our data. In our hands, abundant EBV in multiple sclerosis brains as described by Aloisi's group was not detected. Our data also question the importance and significance of ectopic B cell follicles as a pathogenic feature of multiple sclerosis. Nevertheless the debate on the role that EBV plays in the pathogenesis of multiple sclerosis should continue since the epidemiological data are compelling (Ascherio and Munger, 2007; Zaadstra et al., 2008) ; however, we may wish to focus on mechanisms explaining how EBV contributes to the early stages of multiple sclerosis, as it is unlikely that ongoing CNS infection with EBV contributes to the later stage multiple sclerosis pathology.
